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PRESSURE LOADS AND AERODYNAMIC FoRCE

INFORMATION FOR THE -89A SPACE SHUTTLE

ORBIT_ CONFIGURATION

By

R. C. Mennell, Rockwell International

SU_RY

Experimental aerodynamic investigations were conducted at the Rock-
well International Low Speed Wind Tunnel (NAAL) during February 1973, on

_ an 0.0405 scale representation of the Rockwell -89A Light Weight Space
_il Shuttle Orbiter.

: The test purpose was to obtain pressure loads data i n the presence
_ of the ground for orbiter structural strength analysis. Aerodynamic
_:_ force data was also recorded to allow currelation _ith all pressure loads
_ ,": information.

.... _t_ Angles of oattack from -3° to 18° and angles of sideslip of 0% ±5°,
._.. end _i0° were tested in the presence of the NAAL ground plane. The
: model support clearance hole was maihtsJ.nedto the smallest allowable

dimension to permit the e_cution of the aforementioned test regimes.
Static pressure 'bugs" were used to ob%_in a pressure loads s/rvey of the
basic configuration, elevon deflectior_sof 5O, 10% I_, and -20O end s
rudder deflection of -15O, at a tunnel dynamic pressure of 40 psi.

The test procedure was to locate a maximum of 30 static pressure
"ougs" on the model surface at various locations calculated to prevent
aerodynamic and physical interference. Then by various combinations
(per table IV) of locations the pressure '_ugs" output was to defitnea
complete pressure survey for the fuselage_ wing_ vertical _ail, and main

_ landing gear door.

Tabulated force and pressure source da_ is presented as Volume II

.: ; of this document.

4 .... ........ '..... '"

•V_ '.',:._ :'".'_:":,. " _' .,..-. - _'.. :_"_"o.:, .... _=_'_,_:_'&_"4\-'_,'" '_' _'_ '_ ,_.-_¢_.-._'.y_._:_.,._ ,,- :". .,' ,;,"._ _._._:_,.,C'"_'_it'..,!_:,.._::__ "_,':.. :_',:. -_j_..:.:,- = ........... -- _--_-.. --
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,_D,-A.

,;Y_'j30_.._J: S_4BOL DF2_INITIO_I

,, rpeod of .:,Jund;m/::,.,-',__/_;,.,-:

"r' CP pr,:;_',_r,, , o,.i1[ !.,'nt: (r I - r=)/2

M I/_L-H I'.I'_,:!h nurrlb,:,I"; V/rJ

p pre:::._,_r_;N/re'-,1.z'_'

I _i(N_4) d_,_te pres:_ure: J-/_-.V:, N,/mJ, psf

RN,/L R_,IL uni_ Reynolds nun_[,r; per m, _er ft

V v,'!o_Ity; m/see, ft/=ee
#

ALP}L\ ungle Of r,t_sck, degrees

BE'."". sn,Tl_"of sldesii_, de_ees

?,'-[[ -,ngle of y_w, dc_ee._

F}{I :n_gle oi'roll, d,egr_es

@ ma:;s denzit_,; kg/m -_,zla('r..'r-"

_efercnce & C.G. Definitions

Ab b_cc ,Jr__': m'i, f_-

b BR'_ wing sp_m or ref-_rence sl;_n; m_ ft

e.g. ce:_ter of gravity

_R_ LREF referenc,_ length or wing mean

c oerodyn_mic chord; m, ft

S GREF wing _re_ or r_ference sres: m_, ft_

M_P momen_ referu_:ee point

XML_P moment referene_ point on X axis

moment reference pcln_ on Y sxis

_2_RP momer_t reference point on Z oxis

CUI_SCRII:!'J

_!Ll.,.'

L 1oe_,l

_t_tl : conditic,n,'

t '.,-,',': I condition_', _'.

1<;
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N_4ENCLATtrBE(Continued)

Bod_-A_/s S_,stem

SADSAC
SD_BOL SYMBOL DEFINITION

C_ CN normal-force coefficient; normal forceqs

CA CA axial-force coefficient; axial force

:.:,, '._ CY side-force coefficient; side force
qs

_._ CAb CAB base-force coefficient; base force_ qS

.Ab(Pb.p_)/q S
CAr CAF forebod_yaxial,force coefficient, CA -%

_, Cm CIM pitching-moment coefficient; Bitching moment

Cn CYN yawing-moment coefficient; yawing momentqSb

_W,'_' C_ CBL rolllng-moment coefficient; rollin_qsbmOment._

XCP/LB XCP/L center of pressure location, percent of bod_ length

Stability-Axis System

CL CL lift coefficient; li___,_qS

CD CD drag coefficient; dragqs

CDb CDB base-drag coefficient; base dra_qS

CDf CDF forebo_y drag coefficient; CD - CDb

Cy CY side-force coefficient; side forceqs

Cm CT_ pitching-mOment coefficient; pitching mom@nt

Cn CLN yawing-moment coefficient; yawing momentqSb

C_ CSL rolling-moment coefficient; rolling momentqSb

,./De T/DF lir to dragratio, C#%f

[
11
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Surface Definitions

SADSAC
SYMBOL SYMBOL DEFINITION

6e EL_ elevon, surface deflection angle, positive deflec-
tion, trailing edge down; degrees

6f 2._AP body flap, suxface deflection angle, positive
deflection, trailing edge down; degrees

8r RUDDER rudder, surface deflection angle, positive deflec-
tion, trailing edge to the left; degrees

5rf RUDFLR rudder flare, split rudder deflection angle, left
_ _.J_ split rudder trailing edge left and right split

_ rudder trailing edge right, brf = (6rL + 8rR)/2,
_:__ positive deflection; degrees

ADDITIONS TO STANDARD NOMENCLATURE ,
FOR

NAAL TEST NO. 699

SADSAC
SYMBOL SYMBOL DEFINITION

x/e_ X/L fuselage local coordinate, longitudinal distance
from the nose expressed as a f_action of body
length

_L = F.S. - 200 F.S. = full scale fuselage
1328 station

PHI fuselage, local coordinate, radial position angle
measured from the bottom centerline in degrees;
positive sense is clockwise looking forward.

7, _ Y/B wing local coordinate,spanwise distance from model
centerline expressed as a fraction of wing semi-
sps/_.

x/c X/C wing local coordinate, chordwise distance from the
local leading edge expressed as a fraction of local
chord.

h
12
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ADUZZZO Sr OM CnA rSE(COCmDZD)

SADSAC
SYMBOL S_BOt. DEF_E_ON

z Z/BV vertical tail local coordinate, vertical distance
_V' _ from W.L. 500 (full scale) expressed as a fraction

of the vertical tall height measured from W.L. 500.

x/c v X/CV vertical tall local coordinate, chordwise distance
from the local leading edge expressed as a fraction
of local chord.

x/2 G X/LG main landing gear door local coordinate, longitu-
dinal distance from the leading edge expressed as

a frmctlon of door length.

, x/_ G Z/LG main l_nding gear door local coordinate, vertical
'" distance from the bottom edge expressed as a

fraction of the door height at the trailing edge

! (:_,._efie,_r_ 2a ).
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MODEL DESCRIPTION

The model used for this test period was an 0.0405 representation of
the Rockwell International -89A Light Weight Space Shuttle Orbiter. The
basic model is of the blended wing-body design utilizing a double delta
wing (75/45 L.E. ), full span; split elevons (unswept hingeline); a center-
line vertical tail with rudder and/or speed brake capability; and an orbi-
tal maneuvering syst-e_(CMS) mounted on the aft fuselage sidewalls. To
complete the basic configuration a canopy and manipulator arm housing
(MAH) attach to the fuselage upper surface. All model components were
per the -89A configuration except for the fuselage lines from station
1307 aft and the CMS pods. The variation due to these non-89A components
was considered to be insignificant.

The following nomenclature was used to designate the various model
components:

, Component Description

_# Blo ATP fuselage modified fwd. of sta. 1307 to reflect"
-89A lines

C5 -89A Baseline canopy

D7 -89A Baseline manipulator arm housing

El8 Full span split elevon used on wing W87

FI Fuselage BI0 body flap

GI Gear d_,ors

M2 Fuselage BIO OMS pods (PER)

R5 -89A Rudder used on vertical V5

V5 -89A Baseline vertical tail

W87 -89A Baseline wing (75/45 AL.E. )
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FACILITYD_CRIPTION

The North American Aerodynamics Laboratory (NAAL) 7.75 x ll-
Foot Wind Tunnel is a contJ_uous flow, closed circuit, single
return type tunnel capable of speeds up to 200 miles per hour.
The test section is vented to atmospheric pressure and is
7.75 x 11 feet wide by 12 feet in length. Power is supplied
by a 125& horsepower nacelle mounted synchronous motor driving
a 19 foot, seven blade, laminated birch propeller. The
airspeed is controlled by varying the degree of coupling
between the motor and propeller by means of a magnetic clutch.
A damping screen and honeycomb section in the settling chamber
upstream from the contraction cone (ratio 7.53 to 1) minimizes
turbulence in the test section. The NAAL Wind Tunnel has been

, in operation since June 1943 and calibrations are available
_"1'.. over a wide range of test conditions.

Tests may be conducted using a variety of mounting systems,
e.g.; a single strut, double strut, sting strut, reflection

_-- plane, cable suspension, and two dimensional wall. Aero-
, dynamic data may be measured by a planar type external balance

system or sting mounted internal balances. An Astrodata
Automatic Data Acquisition System is used to collect, multi-
plex, digitize, and record 50 channels of £orce aRd/or pres-
sure data on magnetic tape. This data is then rapidly re-
duced and plotted using automatic data processing equipment
and an automatic digital plotter.

_=.,.
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DATA REDUCTION

All model force and pressure data was reduced to coefficient
form in both the body and stability axis systems. Model angle
of attack and angle of sideslip was corrected for sting and
balance deflections in addition to the standard facility
corrections (wall interference, blockage effects, etc.) applied
as required.

Axial force (body axes) was corrected for model weight tare
and base pressure effects prior to the calculation of sta-
bility axes data. The axial force corrections were applied
in the following manner:

CAF = CA- CAB( - CAB - CAT

where

C _ABC.
_._mr.#_ CABC = -(PBq-PO) (S____)J

and

.PB-Po, AB _
CAB = "[ _ )(_ww) , PB " 1/5 (PBI + PB2 + ... +PB5)

and

CAT = Model axial force weight tare

Center of pressure location was computed in percent of body
length as indicated below:

XCP/LB = (C G (in. aft of nose) Cm £w)
• " CN /LB

All model pressure measurements recorded were reduced to
coefficient form in the following manner:

CPI + i = (PI P�"P°), i = number of pLe.ssures

)
16

O0000001 -TSB06



_ DATA REDUCTION - Continued

All aerodynamic data were reduced to coefficient form. using ...................
the following reference dimensions:

Value

Symbol Definition Model Scale Full Scale

AB Area o£ base - ft2 0.51959 .

ABC Area of balance cavity-ft 2 0.13635

bw Span wing, in 37.935 936.68

Cw MAC wing, in 19.300 474.81

'_ C.G.X Reference C.G., in. aft of nose 35.4974 876.48
, fu_. sta. 43.5974 1076.48

: C.G.Z Reference C.G., waterplane 16.2000 400.00
4

LB Length model body, in. 53.7840 1528.00

Sw Area wing, ft2 4.412 2690.00

( 17
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REYNOLDSNUMBER DYNAMICPRESSURE _'rAGNATIONTEMPERATURE
MACHNUMBER

(perunitlength) (pounds/sq.inch) (delpeesFaMenheit)
, m

.165 z.z5x._o6/ft 4o#/In2 90-z2o°F

BALANCEUTIUZEO: lv_ IX - 2.5 INCH

COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE:

NF l_O_ + .25_

SF 750# + .25## , ,,

AF 2o0# ± .25_
PM
RM 4000 "In#,, . + .25_ i

YM ....

COMMENTS:

I I

18
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TABLE IIl.

MODE[,COMPONENT D_SCRIPTIOI]
@-

moELco_ow,_:......B00_.-..,_,o ,_

GENERALDESCRIPTION:_r'VJ_J-_L/,_L..__,4_ ill._0- #OL__;_J.
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mOELCOmONE.T: - _OP_ dc

GENERALDESCRIPTION: _qA_PJ!" _/_,g_ _'_ /_'_)'0_)_ _" ,

DRAMINGNUNBER: _'_ _ - _t_i_i_2.

00000001-TSC01



TABLE III. (CO_FIITLIED)

e''

MODELCOMPONENT: - /_,,.,_./P/J,,,_7"OA_ /_ /_/o/,4&/AJp __ _ _

GENERALDESCRIPTION: #_&_/it /_/A.)EJ; _"L =' ,Zl.¢).__ _'70" _,..R'

DRAWINGNUMBER: l,/Z _'0 -,O_J

DIMENS.IONS: FULL-SCALE MODELSCALE

%.

,_._ Length..,_lA.,t. ,,8[_Io 0(:) _"-. &,B/

' Max. Oepth,_/AP, 20,00 O, 8/0

Fineness Ratio

Area

Ma_. Cross-Sectional i

Planform

Wetted

Base .....

26

",, '_C_"<";..",.,',,'_':'-:;-.:';,_.,_'_;-_:'_ .:. o_,%_-'_'_':_":.'_".:.":".:'.C_':,'-,'.:/."o..'_-"'--":',;-.':L,,_,._.,:L_.'_)_!__y_-_ , _ _--: _ _-:_

......... _ ..... _ :..., .,e,(_,_ _ .o-.. _,,,,,:.,,¢., _.: _. _..;_'_.,z_:,_P_ _-::-':.,.':_,<,_).,_,_"e3_J'_I_P"___;,T/ - . . u_U_
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o°

MODELCOMPONENT: . '_ITA/.. _A)V_,, '1/_,_/,4) _ 7"_ - _¥]2..

GENERALDESCRIPTION: _a__.__v'&.,e:._.,__

00000001-TSC03



MODELCOMPONENT: - _2_Y" ,'C'Z.A_mF'I

GENERALDESCR]PT[ON: _X" /_-d./_o dJd¢_7_'_ ._)XO/,_e'/_ A_"/" _7"_/

DRAM[NGNUMBER: _'_0- O_{-)_)_

DIMENSIONS: FULL-SCALE MODELSCALE

Length v/A). ,_,_, ,,_"_" _.'-_

Max. DepthF_.,,qP _',£, _'e,_,_a, ,,.a#,j, _(o &_,ot:_4f-_

Area ,_/I c_'

Na_. Cross-Sectional

Planform /'_ _. ?_" .0..ga.8

Wetted

Base

28

t
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,..,, _ zzz.(OONTI_SD)
%. s, 4Ie'"

MODELCOMPOHENT:G-1 Gear Doors
I J I I I I I |

• GENERALDESCRIPTION:Con£igur_tton consist of two (2) nose gearmm j J i i

doors and one (1) main gear door, Gear fu117 extended• Ref.
n i i J i ,. i! i:

sketch 1 and 2.
| i.i i i

.Scale _lodel - 0.040S Doors in full open position.
i .ill i im _ _m Hi I ]

i TEST "i

i_' DRAWlN_NUMBER: SSA-00007
..........

•DIHEHSIONS: FULL-SCALE MOOELlSCALE

, Length'#_ i in in i | i

Flax. W|dth
i ii

Max. Depth .: ,,

C•"_ Fineness Ratio .......

; Area

Ma_.Cross,-Sectional .......

P]anfom " ! i in •

Wetted , .,

Base .....

iRe£. Point: Top right hand corner
_Door CA) WL-" -4.SgS in _IS: -113.457 in.FS

Nose MS - 15.786: 5g.gs0 in, FS

Door (B) UL- -4.55 in.._IS:-I12.592 In. FS
MS = 11,836 zn..'.IS:292.247 in. FS

Main Door _ WL = -5.546 in., ,'.1S:-136.938in. FS ""
MS = 48.177 in. _lS: 1189.550 in, FS

Prontal Area AcB = .16 x .72 = .1152 in2 lqS
70.2431 in2 I_9

Frontal Area of ,Main I .16 x 2.31 " 0.369_ in, ._._S
225.56585 in2 FS

( 29
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_A_z_zzz.(CONemDED)

MODELCOMPONENT:_,'_A'_ _,%/"_' "_ ""

GENERALDESCRIPTION: -_ (_P/._,M.._T/..viJ jQ_,,'_Z.E'/ ,_d.7,_ L,4,,_/A_,

A._,_,= 7s//_s ;"

DRAWINGNUMBER: _/'_ _" _g_.3_2,..2

DIMENSIONS: FULL-SCALE MODELSCALE

TOTALDATA

A_.-/t"/,o.,_.p.)
Planfom ,2&_;#._ ,_¢_//
Wetted

- Span (equivalent) -//" 77',/,7'
Aspect Ratio _Z,244

t_ Rateof Taper ,/
Taper Rat.io

[ DiehedralAngle,degrees _____j_e/_
IncidenceAngle,degrees __ _._',_
AerodynamicTwist,degrees . ..
Toe-lnAngle ,

"_ CantAngle
SweepBackAngles,degrees

Leading Edge _TraiI ing Edge .
0.25 Element Line ,._-, d_ J_5,050

Chords:_,/_J,
Root (WingSta.0,0) _ )__2 • L'_,._
Tip, (equivalent) /44¢._
MAC ¢7_.7_
Fus. Sta. of .25 MAC //J_, 12-
w.P.o, .zsMAc.. _
B.L. of .25 MAC /81,0,:3. .... _',,,_

Airfoi1 Section
.:: Root

Tip
:. EXPOSEDDATA

_, Span, (equivalentl-ff
Aspect Ratio
Taper Ratio __
Chords"/_a,

Fus.Sta. of .25MAC

W.P. of .25MAC _ "_ ) i
B.L. of ,25 MAC .,2_'0.,.g4, _/0,/_.4.:'..7 ;

Z_,_9 _)_"_,,-_ - ,....-

00000001-TSC06
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_ABI,_ZXZ. (eo_r_)

MODELCOMPONENT:J/_.I/_HL /_/&. Yb-. . _

l GENERALDESCRIPTION:.- 8_ _O,¢_l_l, alE,H?.l_",eJ _.),'e_,_,t.JzJ_- _.E__T/@_#.

DRAWINGNUMBER: _X..'70" (;(v_,._

DIMENSIONS: FULL-SCALE MODEL SCALE

TOTAL DA.TA

Area- rnlz V'o_b (_ _e_l"-fJv"; ¢tJ_cvr) _,0_" Q, _3__
Wetted {.._c_ut_e_ ,,4'_t.,_"). /_' / 7 O, O,Z Z

Span (equivalent)-_, " _0, Aspect Ratio /,_-90

_.,. Rate of Taper O.,,_0_• Taper Ratio __,
; DiehedralAngle,degrees -- --

IncidenceAngle, degrees --- --

: AerodynamicTwist, degrees -- .--
-_.: Toe-lnAngle C9,_ _,C'. ._

Cant Angle _,_ _._ _
Sweep Back Angles,degrees

Leading Edge _ ,_-,
TraiIing Edge ,_&._. ._
O.25 Elanent Line ,_.I.,/30

Chords:-l_/.

Root (Wing Sta. 0.0) -__

Tip, (equivalent)
MAC

Fus. Sta. of .25MAC "
W.P..of _25 MAC

e.'.,__ _2_MAC _, _ _,0
AirfoiI Section

Root
Tip

EXPOSEDDATA

Area
Span, (equivalent)
Aspect Ratio
Taper Ratio ......
Chords

Root
Tip
MAC
Fus. Sta. of ,25 MAC .._ )
W.P. of .25 MAC ._
B.L. of .25 MAC

- r}
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DIMENSIONS: FULL-SCALE MODELSCALE

i Span(equlvalent) _'/_. _01, OD _./4¢I

Inb'd equlvalent chord_l_. _/. S'_ _, 70/q

Outb'd equ|valent chord O"L),_ _, O_',_

Ratto movablesurface chord/
total surface chord

At Xnb'd equtv, chord _),_t:_ 0,_)

At Outb'd equtv, chord 0._ __._0

SweepBack Angles, degrees

Leadlng Edge _ J_ _,3._..

Ta11_ngEdge 2_._) 2_,_47

H1nge1|ne _ _9_' _

Area Homent(Nomal to htnge 1the) _2._,/_b" O,_&"

00000001-TSC09



TABLE IV. PRESSURE TAP LOCATIONS BY SERIES NUMBER

i
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_AB_IV. (connwm)

S_IES NO. CHANNEL NO. TAP b_MBER TAP.LOCATION

4 16 _2 Fus. Sta. 280, _=_0, Left Side
17 43 = 20,

19 45 = 55,
20 _6 = 70,
21 47 = 90,
22 48 = 120,
23 49 : 15o,
24 50 : 180,
25 622 _L = _56,Z/h = .20, GearDoor, L.0.

27 624 Z/h :. O, L.0.
28 625 L.I.
29 626 Z/h = .60, L.O.
30 627 L.I.

._ 5 16 51 Fus. S%a.380, _ : O, Left Side,
17 52 = 20,
18 53 = 40,
19 5_ = 55,
20 55 = 7o,
21 56 = 90,
22 57 = 120,
23 58 I = 15o,
24 59 .. = 18o,
25 60 Fus.Sta.400,_= 172,
26 61 Fus. Sta. 410, _ 157,
27 628 x/_=.68%z/h_ .2o,Ge_Door,L.o.
28 629 1 L.I.

30 631 L.I.
31 632 Z/h . , L.O.
32 633 L.I.

6 16 62 _s. Sta. 430 _ = O, Left 81de
20,

17 63 _ 40,18 64
19 65 = 55,
20 66 = 70,
21 67 = 90,
22 68 = leO,
23 69 = 150,
24 70 = 162,

25 71 = 169,
26 72 = 180,
27 73 Fus. Sta. 460,._ = 73,
28 634 X/L = .912, Z/h = .20, Gear Door, L.O.

, 29 699 __ 1 L.I.

3o 6% z/h =. , L.o.
31 637 L.I.

32 638 Z/b = .60, L.O.

33 639 L.I.

15
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SmZES _0_. C____L _0. TAP m_m_ TAPLOCATXO_

7 16 74 Fus.Sta. 500,_ = O, LeftSide
20,

17 75 : 40,18 76
19 77 = 55,
20 78 ,,7o,
21 T9 = 90,
22 80 = 120
23 81 = 150,
24 82 -- 165,
25 83 = 18o,
26 600 X/L = O, Z/h = .20, Gear Door, L.E.

8 16 84 Fus. Sta. 560,_ _ O, Left Side40,17 85
18 86 = 70,

, 19 87 = 90,
'" _-_ 20 88 = 120,
_;m 21 89 = 150,

22 90 = 165,
23 91 = 180
24 6oz x/L = o, z/h = .6o, _ar Door,L._.

9 16 92 _,. s_.625,_- o, _t si_, i
17 93 = 4o_ --

• 18 94 : 70,
i' . 19 95 : 90,
IL" 20 96 = 120,
'_ 21 97 = 150,

22 98 : 165,
23 99 = 180,
24 200 X/C = 0.0, _ : .299, Right Wing, L.E.
25 602 X/L = i.O, Z/h = •20 Gear Door, T.E.

i0 16 i00 Fus. Sta. 725, _ = O, Left Side
17 iO1 = _0,
18 102 = 70,
19 103 = 90,
20 104 = 120,
21 105 = 150,
22 106 = 165,
23 107 = 180,
24 201 _C = .094, f/ : .299, Right Wing, Upper
25 3Ol I I Lower
,',6 x/c..o.o, .,7:.36', , L.,..
27 603 X/C = 1.0, Z/h = .60, Gear Door, T.E.
28 636 Vert. Tail Flare Base Pressure

36
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Iv. (co_n_)

. sma_ _q. 9_ No._ _m _ L0CA_O_

O, Left Side
_i 16 io8 _u__at_.880,_ ==40,17 lO9

18 11o = 70,
-- 19 111 = 90,

20 ll2 = 120,
21 113 = 150,
22 114 = 165,
23 115 = 180,

24 202 X/C = .2_9, _ = .299, Right Wing, Upper25 302 Lower
26 211 X/C = .086, W = .364 Upper
27 311 I Lower

28 220 _C 0.0, _= 427 L.E.29 230 : "o.o, _ - .59_

30 250 I = •673

31 260 = .780

._:_ 32 270 =. 887
_'Tj

12 16 116 Fus. Sta. 9_0, _ = O, Left Side17 117 = 40,
18 203 X/C = .362, _ = .299, Righ_ Wing, Upper

': 19 303 1. Lower
"_>_ 20 212 X/C = .246, _ = •364, Upper

21 312 I Lower
22 221 _C = .081, _ = .427, Upper
23 321 _ Lower
24 231 _C = .05, _ = •534, Upper
25 331 Lower
26 251 _ = .673, Upper
27 351 Lower
28 261 _ -_•780, Upper
29 361 Lower
30 271 _ = •887, Upper
31 371 Lower

13 16 118 Pus. Sta. 1080, _: 40 , Left Slde

18 120 = 90,
19 121 = 120,
20 122 = 150,
21 123 = 165,
22 124 - = 18o,

23 222 X/C = .177, _ = .4_7, Right Wing, Upper2A 322 Lower
25 232 _C : .15 _-= .534 Upper

26 332 1 Lower

27 252 _ = .67_3 Upper
28 352 _ Lower

_ 29 .o.62 _ = .780 Upper30 362 _ Lower
31 272 _ = .887 Upper

32 372 _C = .15 _ = •887 Right Wing, lower
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TABLE, 1_r. (CONTINUED)

SERIES NO. CHANNEL NO. TAP NUMBER TAP LOCATIOt;

14 16 125 Fus. Sta. llSO, _ = 70, Left Side

17 126 _ = 9O, I

18 127 = 120,
19 128 = 150,
20 129 = 180,
21 204 X/C = .497, _ = .299, Right Win6, Upper
22 304 / I Lower
23 233 X/C = .25 _ = •534 Upper
24 333 I Lower
25 253 r/_-.673 Upper
26 353 1 Lower
27 263 _ = .780 Upper
28 363 i Lower
29 273 _ = ,887 Upper
30 373 Lower

: 15 16 130 Fus. Sta. 1245, _ = 40, Left Side
_" 17 131 = 70,

18 132 = 90,
19 133 = 105,
20 134 = 120,
21 135 = 135,
22 136 = 150,
23 137 = 165,
24 138 = 180,

2725282629 254234223323334x/cX/C==.40,'2_4'i7=_= .5"4!7'.6_43 RightI Wing, UpperUpperUpperLowerLower
30 354 Lower
31 274 _7 .887 Upper i
32 374 Lower

16 16 139 Fus. Sta. 1300 _ = 40, Left Side
17 140 = 70,
18 141 = 90,
19 142 = 105,
20 143 = 120,
21 144 = 135,
22 145 = 150,
23 146 = 165,
24 205 X/C = .70, _ = .299 Right Wing, Upper

25 305 / | _ Lower26 224 X/C = 565, _ = .ho_7 Upper
27 324 X/C = [565 _ = .427 Right Wing Lower

]

38
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iv.
¢

SERIESNO. _ NO. TAP_ . TAP LOCATION

16 Con't. 28 235 _C = .57, 37=.534 Righ',WlngUpper
29 335 I Lower

30 255 1 _ = .673 _ Upper31 355 I Lower
32 400 X/C = 0.0, 37= .079, Vert. Tail, L.E.

34 420 = .316
35 430 = .68o
36 _d_O = .8_0
37 450 = .925

17 16 147 Fus.sta.1375,_ = 40, Left _ide
17 i_8 = 70,
18 149 = 90,

19 150 = 105,
_ 20 151 = 120,

-_ ,. 21 152 = 135,
"" 22 153 = 150,

r 23 19 = 165,

2425 206306 X/C = •8_, _ = •299,_Right Wing, UpperLower
_-', " 26 225 _C = .760, _ = .427, Upper

.i 27. 325 I I Lower

.... 28 236 _C = .7_5, }7= •53_ Upper29 336 I Lower
30 256 X/C = .70, _ = •673 Upper

31 356 _ i Lower
32 264 _C = .6 , 17= .7 0 Upper

33 364 _0 Lo,er34 z?5 x/c = .6, _ = .887 upper
35 375 [, I Lower
36 _ii _C = .05, _ = .158, Vert. Tail, Left
37 511 I R_@t
38 421 _ = --316 Left
39 521 I _ght
40 431 _ = •680 Left
_1 531 I _t
42 _1 _ = .8_o Le_

451 r/= .925 Le_t
45 551 _i_t

( 39 !
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smxEs _o. c_ No. TAP _ TAPLOCATXON

_'. 18 16 155 Fus. 8te. 1430, _ = 40, I_ft Side
1 17 156 = 70,
_ 18 157 = 90,

19 158 = zo5
20 159 = 120,
21 160 = 135,
22 161 = 150,
23 162 -- 165,.
24 207 X/C= .865, U = .2_9 Right Wing, Upper

_08 Lower25 307 U = .427, Upper
26" 226 _C =.8 ,

27 326 _ __ _ower
28 237 _C = .775, U = •53 Upper

17 Lower29 337 I Upper
30 257 x/c = .T(5, r/= . 3,

._J 31 357 I I Lower
¢'. 32 265 x/c = .75, _ = -78°, upper

, 33 365 i I Lower
' 3_ 276 X/O = .75, _ = .887 Upper

35 376 I I Lower
36 412 X/C = .15 rl= .158, Vert. 'I_%1,Left %Right .'
37 512
38 422 _ = •316' Left
39 522 I Right
4o 432 7;=. 680, Left
_1 532 I Right
42 4_2 U = .8_0, Left

92 I Right

45 552 X/C = .15, _ = .925, Vert. Tail, Right

19 16 163 Fus. eta. 1480, _ = O, Left Slae
17 16_ : 70,= 90,
18 165
19 166 : lo5,
20 167 = 120,
21 168 = 135,

= 150,
22 169 = 165,
23 170

24 208 X/C = .90, q = ._99,RightWing, upper25 3o8 I Lower

.., 26 227 X_/O0= .857, _= .h,27, Upper27 32T =.857, _ = .h27, Right Wing, Lower

_o
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C

SERIES.NO. CHANNELNO. TAP _ TAP I_CA_0N

i Con't. 28 238 _C = .85, _ = .534 Right Wing, Upper

30 258 _ = •673 Upper
31 358 I Lower
32 266 _ = •780 Upper
33 366 I Lower
34 413 X/C = .30 _ = .158,Vert. Tail, Lef_

Right35 513
36 423 _ = •3 6, Left
37 523 I Right
38 433 _ = .680, Left
39 533 I Right
40 _3 _ = .84o, Le_
41 543 I Right
42 453 _ = .925, Left

, 43 553 X/C = .30, _ = .925,Vert. TaLl, Right

r-_:_ 20 16 171 Fus. Sta. 1530, _ = 12_, OMB Inner
17 172 I 1 Outer
18 173 , __= 135, Inner

_I'I 19 174 I Outer

_; 20 228 X/C= ._5, 7= .4_7,Right Wing, Upper[ 21 328 Lower
Upper22 239 X/C = .90, _ = -5 ,

- 23 339 I I Lower
24 277 _ = "887, Upper

25 377 _2 I Lower26 414 X/C = • _ = .158,Vert. Tail, Left
27 5z4 I Right
28 h24 r/= .316, Left
29 524 I I Right

30 434 _7= ._o, Left
, 31 _34 Right

32 4_ _ = .840 Left
33 _b, I Right
34 454 _1_ .925 Left
35 554 X/C = .52, /7= .925 Vert. Tail, Right

21 16 175 Fus. Sta. 1580, _ = O, _ Flap
17 176 _= 40, I

'i._ I 1918 209309 X_C = "9_5' _ = "299' Right Wing' UPperl Lower20 229 X/C = • 3, 17= .427,Right Wing, Upper
/

:%
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TABLEIV.(COmTI_UED)................. ,, ..

SERIESNO. OHAIT_ NO. TAP _ TAP IX)0AT_ION

21 Con't.. 21 329 X/C = .953 _ = ._27,RightWing,Lower
22 2_O X/C = .95, _ =.53_,.. I Upper

23 3_0 J 1 Lower

2_. 259 _ : .673, Upper.
25 359 I Lower
26 267 _ = •780, Upper
27.. 367 I Lower
28 415 X/C = .65, _ = .158, Vert. Tail, Left

29 515 _ I Right30 425 _ - .316, Left
31 525 x/c - .65, I _
32 435 _ = .68o, Left
33 535 I .. Right
34 4_5 _ = .8_o, Left
35 545 I mght

Z ,J 36 455 _ = "925 Left

_M 37 555 Right

_. 22 16 416 _C = .775, _ = .158, Vert Tail, ,"eft

_ l_ 516 I msht18 426 _ = •316, Left
-" ,.. 19 526 I Right

20 436 _ = .680, Left ""

22 _ = " O, Left

23 96 . _i_t
2_ _56 r]= .925, Left

25 5% m_t

23 ' 16 ' I . .Fuselage base pressure
17 2
18 3

20 5
21 6
22 7
23 8
2_ 9
25 636 Vertical Tail Base Pressure
26 732 Fus. Sta. _60, _ = 142, Teft Siae

• ......... •.... .,.,. _,. _:_*:_-.w-,_'---f "_--'_-
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t

| _r._ Iv. (cm,',m_m)

SERIESNO. _ _O_ TAP _UMBER TAP LOCATION

24 16 108 _s. Sta. 880, _ = O, Right Side

17 109 _ =40,

o ,o;w
19 111 90,

•299, Le ng,x/c = .229, n20 202

21 302
22 211 X/C=.0 , '=.3 ,
23 _1

25 3o1 •

25 Z6 116 _s. Sta. 9_i, _ = O, RiCh_ Side17 117 = 40,
- 18 251 _O = .05, _ = .673 Left Wing, Upper

, , 19 351 | | / Lower
" -,, 20 261 _ = .780, Upper

_" _-'" 21 361 _ i _ Lower[ 22 271 _ = .887 Upper
23 371 _ Lower
24 203 X/C = .362, _ = •299 Righ_ Wing,Upper
25 303 I I Lower

"_ :_ 26 212 _C = .246, _ = •36_ Upper
- 27 312 i i Lower

. 28 221 x/c = .oSz, n = .4_7 upper• 29 321 I Lower
30 231 X/C = .05, n •534 Upper
31 331 Lower ..

26 16 ll8 Fus. Sta, i080_ _ = 40, Right Side

17 119 _ =70,
18 120 = 90,
19 125 Fus. Sta..1180,_ = 70, Left Si_e

2o 126 I , :_, I
22 322 Eower

232 X/C = •15, _ = •5_P Upper23

25 252 _ = .6_3, Upper= 26 352 Lower

i__" 27 262 _ = .70_ Upper
28 362 Lower
29 272 _ = .887, Upper
30 372 _C = • , _ = .887,Left Wing, Lower j.l

L •

43
41
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I

S_IES NO. CHAN_ NO. TAP _4B_ TAP LOCATION

2' I_ 130 Fus. Sta. 12._5,_ = 40, Left Side

17 131 _ = 7o,•18 132 = 90,
19 223 X/C = .27_, _ - ._27, Left Wing, Upper
20 323 ! Lower
21 29 x/c= .40, _ = .53_ upper
22 334 I I I_wer

._, 23 254 !97 _ = "673 Upper

24 3_ I Lower
25 274 _ = .887 Upper

-_ 26 374 Lower

27 204 _C = • , _ = .299, Right Wing, Upper

28 304 I I Lower

_ 29 233 _C = .25 _ = 534, Upper
30 333 _ Lower

-_ , 31 253 _ = •673, Upper
_'./ 32 353 I Lower

33 263 _ = .780, Upper
34 363 I Lower
35 273 _ = .887, Upper

36 373 Lower ..._.

20 11,3 120,
21 i_7 Fus. Sta. 1375, ¢ = _0, Left Side

• 23 149 = 90,
2_ 15o = 15o,
25 151 . = 120,
26 2o6 x/c= .83_, _ = .299,Leftwing,up_r
27 3o6 I I Lower
28 225 _C = .760, _ = .427, Upper
29 325 I I I_er
30 276 _C = .75O, _ = .887, Upper
31 376 I -. = I. Lower
32 236 X/C = .725, _ • 53_, Upper
33 336 I t Lower
34 256 X/C = .70, _ = .673, Upper
35 356 I I Lower
36 205 _C = .70, _ = .299, Right Wing, Upper

00000001-TSD06



e'"

s_um _o. _ _o. TAP_mEa _ LOCATI_

•70, Lower28 Con't. 37 30
38 22 = • 5, r/ = .4 7, Upper
39 32_ Lower
4o 235 z/'c =. 55, r/ =. 53_, upper
41 335 | I Lower

_2 255 6_5 / _ = •673, Up_r_3 32_ I I_werZ/C = • , q = .780, Upper
_5 364 I Lower

-I°°=--o°i_-_; 20 159 = LeO, v
_ 21 163 Fus. Sta. 1480, _ = O, Left Side

' 22 z_ I = 70, I

: 23 165 - 90,
24 166 = 105,

..i: 25 167 = LeO,
"" 26 209 X/C = .965, _ = .299,Left Wing, Upper

27 " 309 _ I Lower
28 229 Z/C = •953, _ = .427, Upper
29 • 329 I I I_:_er
30 240 Z/C = •950, _ = •534, Upper

31 340 | I Lower
32 259 _ = .673, Upper

33 359 % I Lower
3_ 267 n = .78o, upper

35 367 _7 :hi: Lower

36 228 Z/C= .9_a5, r/ =._ , Ri__i Wing,Upper

37 328 / = Lower
38 239 X/C = .9_, n •534, Upper

39 339 1 I Lower_o 277 _ = .887, Upper
41 377 Lower

30 16 132 F=s. Sty. Le45, _ = 9O, Left Side

18 134 = Leo,
19 135 = 135,
20 136 : 150,
21 137 = 165,
22 138 -= 185,

1I

J
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 ABmIV. (COnmUED)

SERIESNO. CHANNELNO. TAP hl_ TAP LOCATION

30 Con't. 23 400 X/C = .076 _-= .079,Vert. Tail, AFJ Inlet

31 16 14l Fus. s_. 13oo, _ : 9o, Left Slae
i? 142 : 105, |
18 143 = 120,
19 1_ = 135,
2o 145 = 15o,
21 1_6 = 165,
22 741 _ : 90, Right Side
23 7_2 .=lO5, |
24 743 : 120,
25 7_ = 135,
26 7_5 : 15o,
27 746 : 165,
28 41"I X/C : .05, _ = .158,Vert. Tail, Left

i
-,-- 29 5_ I Right
r,_,_.2#', 30 421 _ : .316, Left

: 3l 521 I Right
32 431 _ = .6_, Left33"• 531 Right

_..: 34 44.1 _ : .840, Left
,-, 35 5_l I Right "!

36 451 W = .925, Left
37 551 Right

32 16 412 _C : .15 _ : .158, Vert. Tail, Left
17 512 I mght
18 422 _ = .316, Left
19 522 I. Right
20 432 _ = .600, Left
21 5_e I mght
22. 442 r/ : .84o, Left
23 _,2 I _±ght
24 452 _ : .925, Left
25 552 _._.ght
26 3 Base Pressures
27 4
28 7
29 9

33 16 149 Fus. Sta. 1375, # = 90, Left Siae

17 150 I : 105, I
I 18 151 = 120,

19 152 = 135,
• 20 153 = 150,

00000001-TSD08



Iv.(commw )

SERIES NO. CHANNELNO. TAP NUMBER TAP LOCATION

Con't. 21 154 Fus. Stm. 1375, _.= 165, Left Side33
22 749 Fus. Sta. 1375, _ = 90, Right Side

23 750 I = 105, I

24 751 .'" = 120,
25 752 = 135,
26 753 = 150,
27 754 = 165,
28 413 X/C = .30, _ = .158,Vert. Tail, Left
29 513 _ Right

30 423 _ = •_6, Lei_31 523 Right
32 433 r;= .600, Left
33 533 I Right

- 3_ 443 q - ._0, Left35 543 Right
J : 36 453 _ = .925, Left

,_., 37 553 Right

f 3_ 16 157 _s. st. 143o, _ : 90, Leftslde

17 158 1 : 105, 1

t" 18 159 . = 120,
19 16o = 135,
20 161 = 150,
21 162 : 165,
22 757 Fus. S%a. 1430, _ : 90, Ri@ht Side

24 759 12o,
25 760 135,
26 761 ' 15o,
27 76e 165,
28 414 _C = •52, _ .158,Vert_ Tail, Left
29 514 -.- I Rizht
30 42_ _ :. 316, Left

" 31 524 I Right
32 434 _ = .600, Left

33 _ I Right34 _ = .8_o, Left
35 5_ I Right
36 454 _ = .925, Le_t
37 59 _ight
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